Intestinal malrotation is caused by a developmental anomaly of the embryonic intestine. Most cases develop in neonates, and development in adulthood is rare and difficult to diagnose before surgery.
INTRODUCTION
Intestinal malrotation is caused by a developmental anomaly of the embryonic intestine. Most cases develop in neonates, and development in adulthood is rare and difficult to diagnose before surgery.
We encountered a patient in whom we suspected intestinal malrotation during pancreaticoduodenectomy, and made a diagnosed is of incomplete fixation based on re-examination by imaging after surgery. Herein, we report the case with a review of the literature.
CASE REPORT
The patient was a 63-year-old male who visited a physician for jaundice. Cancer of the ampulla of Vater was diagnosed based on thorough examination, and the patient was referred to our hospital. There was no past medical history of tumors or surgery.
Blood test findings: On admission, alanine aminotransferase (ALT) and γ-glutamyl transpeptidase (γ-GTP) were high (39 and 153 U/L, respectively), and total bilirubin (T Bil) was normal (0.69 mg/dl). Carcinoembryonic antigen was 1.1 ng/ml (normal range 0-0.5 ng/ml), and carcinoma antigen 19-9 was 23.3 U/ml (normal range 0-37 ng/ml).
On plain X-ray radiography on admission, no ileus was noted, and the colon gas location was normal. On abdominal ultrasonography, the superior mesenteric artery (SMA) and vein (SMV) could not be closely observed. On abdominal computed tomography (CT), swelling to a maximum size of 20 mm was present in the papillary region, and the common and intrahepatic bile ducts were dilated. The SMA was located on the left side of the SMV, showing no SMV rotation sign ( Fig. 1A) . A whirlpool sign showing whirling SMV, mesentery, and intestine around the SMA was observed ( Fig. 1B) . On three-dimensional CT reconstruction imaging, the small intestine showed rightward deviation, but the colon position appeared normal. The whirlpool sign was also observed ( Figs. 2A and B ).
In surgery, Kocher mobilization was applied and the duodenum was mobilized, but the duodenum and jejunum were covered with a membranous structure and dissection was difficult. Thus, we decided to start dissection from the Treitz' ligament side of the jejunum ( Fig. 3 ), but the Treitz' ligament was absent, and the jejunum had rotated rightward around the SMA. Division of the minor vascular and retroperitoneal attachments was complicated by anomalous vascular orientation, but pancreaticoduodenectomy could be performed ( Fig. 4 ). Based on the intestinal volvulus, no change in ischemic bowel obstruction or strangulation was observed. The pathological diagnosis was tubular adenocarcinoma, well-differentiated, 2.2×2.0 cm, pat Adcb, depth: m, medullary type, ly0, v0, pn0, pPanc0, pDu0, Pn0, PeMo, n;( -), pT1, pN0, pM( -) fStage I.
DISCUSSION
The intestine (midgut) perfused by the SMA develops outside the abdominal cavity, returns to the abdominal cavity while rotating 270 degrees around the 
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SMA as an axis, and becomes fixed to the retroperitoneum at about 10 weeks of gestation. Malrotation and abnormal fixation to the peritoneum/retroperitoneum in this step are collectively termed intestinal malrotation. Intestinal malrotation is described by classifying rotation into 0, 90, and 180 degrees, inverse rotation, and others, but no consistent viewpoint has been reached [1] [2] [3] , and terms vary, for example secession of rotation at 0 or 90 degrees may be termed nonrotation, secession at 180 degrees may be termed malrotation or incomplete rotation, inverse rotation may be termed malrotation or reversed rotation, and others may be termed paraduodenal hernia. Nishijima et al. [4] roughly divided these case into 3 types classified by Bill into the following categories in consideration of various mixed and transition types: 1) Nonrotation type, 2) incomplete rotation type, and 3) incomplete fixation, and subdivided 2) (incomplete rotation) into incomplete rotation of both limbs, incomplete rotation of the duodenojejunal limbs, nonrotation of the cecocolic limbs, and reverse rotation, and 3) (incomplete fixation) into mesocolic hernia and mobile cecum (Table. 1 ). The incidences of nonrotation and incomplete rotation of both limbs are high, and various studies have been reported [5] [6] [7] [8] .
When the association between pancreaticoduodenectomy and intestinal malrotation was searched for in Pubmed with regard to malrotation, incomplete rotation, reverse rotation, and pancreaticoduodenectomy, 4 reported cases were found [9] [10] [11] [12] . No report of an incomplete fixation type of intestinal malrotation, as seen in the present case, was found. In this type, a hernial sac is formed, and may lead to the development of an internal hernia, causing intestinal compression, obstruction, and strangulation. The present patient had no symptoms of a hernia.
An understanding of vascular variants is critical when performing a pancreaticoduodenectomy in malrotated patients. Failure to appreciate the anomalous location of the superior mesenteric artery to the left of the superior mesenteric vein can result in devascularization of the short segmental vessels feeding the small bowel. As each of these small vessels is essentially an Fig. 3 . Operative findings 1. Kocher mobilization was applied and the duodenum was mobilized, but the duodenum and jejunum were covered with a membranous structure and dissection was difficult. Fig. 4 . Operative findings 2. The Treitz's ligament was absent, and the jejunum was rotated rightward around the SMA. Dissection of the mesentery and jejunum was difficult. end artery, their ligation can lead to small bowel death with catastrophic outcomes. This report stated that the presence of the SMA on the resection line is a characteristic of this type, and resection may cause circulatory disorder of the small intestine. In our patient, the Treitz' ligament was absent, and the mesentery was present twining around the ventral side of the SMV. Careful attention should be paid to avoid injury to the mesentery during dissection of the SMV and division of the jejunum. Moreover, in our case when we applied Kocher mobilization we found that the duodenum and jejunum were covered with a membranous structure made dissection and anatomical identification difficult. The membranous structure was widely present, but no Ladd's ligament was noted [6, 13, 14] . Division of the jejunum was also difficult because the intestine was present in a lump.
For preoperative diagnosis, a whirl-like pattern or whirlpool sign representing the intestine twining around the SMA or SMV rotation sign with the SMA located on the left side of the SMV on abdominal ultrasonography and CT are reportedly useful [15] [16] [17] [18] . In this patient, the lesion was located lower than the observational range of abdominal ultrasonography, and no diagnosis could be made. On CT, the above sign was noted, but we could not diagnose the syndrome before surgery. Diagnosis may have been possible if the image had been read in consideration of intestinal malrotation.
In conclusion, we reported a rare case in whom dissection anatomical identification, and jejunectomy were difficult because a branch of the superior mesenteric artery was present on the resection line during surgery such that injury to the SMA was likely to cause circulatory disorder of the small intestine, and the duodenum and jejunum were covered with a membranous structure. The possibility of malrotation should be taken into consideration when performing pancreatoduodenectomy.
